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PIPETTOR SYSTEMS AND COMPONENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation in part of US. 
patent application Ser. No. 10/365,960, ?led Feb. 12, 2003, 
Which claims priority from US. Provisional Application 
Serial No. 60/356,684, ?led Feb. 12, 2002, US. Provisional 
Application Serial No. 60/409,786, ?led Sep. 11, 2002, and 
US. Provisional Application Serial No. 60/417,681, ?led 
Oct. 10, 2002, the disclosure of each of Which is incorpo 
rated herein by reference in its entirety. 

[0002] This application hereby incorporates by reference 
in their entirety for all purposes the following patents and 
patent applications: US. Pat. No. 5,355,215, issued Oct. 11, 
1994; US. Pat. No. 6,097,025, issued Aug. 1, 2000; US. 
patent application Ser. No. 09/478,819, ?led Jan. 5, 2000; 
US. patent application Ser. No. 09/777,343, ?led Feb. 5, 
2001; US. patent application Ser. No. 10/061,416, ?led Feb. 
1, 2002; and US. patent application Ser. No. 09/703,472, 
now US. Pat. No. 6,550,349, ?led Oct. 31, 2000. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] This invention is in the ?eld of ?uid transfer 
systems. More particularly, the invention relates to single- or 
multi-channel pipettors useful for aspirating and/or dispens 
ing of ?uids. 

[0005] 2. Description of the Related Art 

[0006] Pipettes are used for transferring precise amounts 
of a ?uid from one container to another. A pipette is ?lled 
With the desired volume of ?uid, by air displacement, 
positive displacement or capillary action, then the ?uid is 
dispensed by positive or air displacement. Positive or air 
displacement are generally achieved With a plunger that 
slides Within the barrel to the pipette. Commonly, a dispos 
able plastic pipette tip is mounted on the pipette end to avoid 
having to clean or steriliZe the remainder of the pipette. The 
pipette can be operated manually or by automated equip 
ment. 

[0007] Microplates are common containers for dispensed 
?uids in life science research. Microplates have multiple 
Wells for ?uid arranged in an array With, for example, 6, 24, 
48, 96, 384, 864, or 1536 Wells per plate. Most microplates 
conform to a standard footprint With Well density increasing 
With increasing number of Wells (e.g. 96-Well plates have 
Wells at a 9 mm spacing While 1536-Well plates have Wells 
at a 2.25 mm spacing). Liquid dispensing devices having a 
number of parallel pipettes have been developed to alloW 
simultaneous operation of the pipettes for applications such 
as transferring ?uid to and from microplates. Simultaneous 
pipetting is essential to such applications as initiating a 
reaction in every Well of a microplate simultaneously. For 
such applications it is important to have a multichannel 
pipettor With the same number of channels as microplate 
Wells. Even When it is not essential to the application, When 
using a loWer number of pipettors than microplate Wells, one 
must resort to multiple dispense (or aspirate) operations per 
plate leading to inefficient use of time. Just assembling 
conventional pipettors With the appropriate density is not 
enough to ensure a reliable simultaneous multichannel pipet 
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tor. Multichannel pipettors generally utiliZe individual 
plungers and seals and are not easily adaptable to higher 
density Well format receptacles such as a 1536-Well micro 
plates because of siZe, reliability or both. Examples of prior 
art dispensing devices are described in US. Pat. Nos. 
4,215,092 and 5,343,909. A need exists for a reliable pipet 
ting system that can simultaneously transfer ?uids to, from 
and/or betWeen Wells of higher density microplates. 

[0008] In contrast to liquid transfer, as described above, 
dispensing of a liquid, such as a buffer solution, from a 
reservoir to a receptacle is often conducted using a needle 
through Which the liquid from the reservoir (e.g., a syringe) 
is pumped into the receptacle. The same device often can be 
used for removing a liquid from the receptacle into the 
reservoir. 

[0009] Transfer of a liquid betWeen receptacles, therefore, 
requires different equipment from that used for dispensing of 
a liquid from a reservoir into a receptacle. Use of different 
equipment for transferring liquids and dispensing liquids is 
inef?cient, especially When the transfer and dispensing are to 
the same receptacle. A need also exists, therefore, for 
devices that can be used for both liquid transfer and liquid 
dispensing. 
[0010] In general, the accuracy of pipettors is limited at 
least in part by the ability of the barrel and plunger to form 
a seal. If the seal is poor, the system may lose vacuum or 
pressure, thereby altering the volume of ?uid aspirated or 
dispensed. These alterations may lead to inaccuracies in the 
volume of a particular sample and inaccuracies and differ 
ences in the volumes of different samples, Whether prepared 
by the same or different pipettors. The magnitude of the 
alterations may depend on the volume of ?uid being trans 
ferred, for example, a larger volume of ?uid may put larger 
stress on the seal, causing a larger loss of vacuum and a 
larger alteration in volume. These shortcomings may require 
different apparatus for different applications, or lead to 
missed hits, limited research capabilities, loWer throughput, 
and/or increased costs for compounds, assays and reagents. 

[0011] The accuracy problems caused by poor seals may 
be addressed by positioning a compliant element such as an 
O-ring or grease betWeen the plunger and the barrel. Such an 
element forms a permanent sliding seal. HoWever, compliant 
elements are only limited solutions because they may be 
sensitive to Wear, variations in plunger and aperture siZes, 
and changes in temperature and/or materials, among others. 
Thus, a further need exists for neW sealing aids that address 
one or more of these shortcomings, particularly for dispens 
ing to multiple sample sites. 

BRIEF SUMMARY OF THE INVENTION 

[0012] In one embodiment, this invention provides pipet 
ting systems that can be used to transfer a controlled volume 
of ?uid to, from, and/or betWeen a plurality of Wells of a 
microplate or other ?uid reservoir or receptacle. The pipette 
system is particularly suitable for high-density microplates 
such as those With 1536 Wells. The pipette system com 
prises: a displacement actuator; a ?exible membrane; and a 
pipette tip array comprising one or more pipette tips, each 
pipette tip having an end for receiving a ?uid, and a base for 
connection to the ?exible membrane, Wherein the ?exible 
membrane is positioned betWeen the displacement actuator 
and the pipette tip array and Wherein the ?exible membrane 
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forms a static seal With the base of each pipette tip. The 
pipette tip array may optionally be individual elements, i.e., 
one tip for each aspirate/dispense location, or a single or 
group of elements that comprise multiple tips. 

[0013] In another embodiment, this invention provides 
pipetting systems Wherein a ?exible membrane may form a 
part of the plunger or barrel interior thus providing an 
improved seal betWeen the plunger and the barrel. In this 
embodiment, pressuriZed ?uid or a vacuum Within the 
plunger or barrel expands the membrane and reversibly 
forms a seal betWeen the plunger and barrel. Thus, in this 
embodiment, the invention provides a pipette system for 
aspirating and/or dispensing small volumes of ?uid. The 
pipette system comprises: a displacement actuator compris 
ing one or more plungers; a pipette barrel through Which the 
displacement actuator travels, a reversible seal element 
comprising a ?exible membrane positioned on the plunger 
or in the barrel, and a pipette tip array comprising one or 
more pipette tips. 

[0014] In further embodiments, the invention provides a 
multichannel pipette system for aspirating and/or dispensing 
?uid into multiple ?uid receptacles comprising a pipettor 
having at least one body and tWo or more plungers; one or 
more removable pipette tip arrays, Wherein the removable 
pipette tip arrays mate to the at least one body of the pipettor, 
and Wherein each tip array has more than one tip. The 
invention also provides pipette arrays and sealing elements. 

[0015] Yet further embodiments of the invention include 
pipetting systems Wherein a reversible seal element formed 
of a ?exible membrane alloWs the pipettor to dispense ?uid 
from a reservoir to a receptacle such as a microplate, or the 
reverse, alleviating the need for separate liquid transfer and 
dispensing equipment. Fluid can be dispensed around the 
reversible seal element (When the seal is not engaged) or 
through a holloW pin or plunger. In this embodiment, the 
pipette system comprises: a displacement actuator compris 
ing one or more holloW pins; a pipette barrel through Which 
the displacement actuator travels; a reversible seal element 
positioned on the holloW pin or in the pipette barrel; a pipette 
tip array comprising one or more tips; a ?uid ?oW channel 
connected to either the pipette barrel or holloW pin; and a 
valve to open or close the ?uid ?oW channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic diagram of an embodiment 
of a pipette system of the invention shoWing a displacement 
actuator, ?exible membrane and a pipette tip array. 

[0017] FIG. 2 is a schematic diagram shoWing a pipette tip 
array. 

[0018] FIG. 3 is a schematic diagram shoWing a perspec 
tive vieW of a sealing element, in accordance With various 
aspects of the invention. 

[0019] FIG. 4 is a schematic diagram shoWing a cross 
sectional vieW of sealing element, in accordance With vari 
ous aspects of the invention. 

[0020] FIG. 5 is a cross-sectional schematic diagram 
shoWing a pipette tip in Which the membrane is biased by a 
plunger of the displacement actuator. 

[0021] FIG. 6 is a cross-sectional schematic diagram 
shoWing a pipette tip containing ?uid. 
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[0022] FIG. 7 is a cross-sectional schematic diagram 
shoWing ?uid being expelled from a pipette tip. 

[0023] FIG. 8 shoWs a portion of a plunger having a 
reversible seal element, in accordance With aspects of the 
invention. 

[0024] FIG. 9 shoWs a portion of a pipettor head assembly 
having a plunger With a reversible seal element, all in 
accordance With aspects of the invention. 

[0025] FIG. 10 is a cross-sectional vieW of a pipette tip 
array, in accordance With aspects of the invention. 

[0026] FIG. 11 is a cross-sectional vieW of a pipette 
system of the invention useful for both transfer of a liquid 
and dispensing of a liquid from a reservoir. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0027] This invention includes pipetting systems that can 
be used to simultaneously transfer a controlled volume of 
?uid to, from, and/or betWeen the Wells of a microplate or 
other ?uid reservoir or receptacle. The pipette systems are 
particularly suitable for high-density microplates such as 
those With 1536 Wells. The systems are simple, inexpensive 
to manufacture and reliable. The pipette systems can be used 
With manual and automatic pipettor devices. It is one of the 
advantages of the invention that the systems provide adjust 
able pipettors, i.e., pipettors capable of aspirating and dis 
pensing varying amounts of ?uids. 

[0028] The system may include one or more pipettor 
channels. A pipettor channel, as used here, is an element 
suitable for dispensing to a single site. In some embodi 
ments, each pipettor channel may include its oWn barrel, 
plunger, seal element, and/or pipette tip. In other embodi 
ments, each pipettor channel may share one or more of these 
components With other pipettor channels. 

[0029] The number and arrangement of pipettor channels 
may be determined by a number of factors, including 
pipetting strategy. For example, the pipettor may include a 
linear array of 8, 16, 32, or any other number of appropri 
ately spaced pipettor channels to correspond to a single roW 
of a 96-well, 384-Well, 1536-Well, or any other number of 
Well microplate, respectively. In other non-limiting 
examples, the pipettor also may include a linear array of 12, 
24 or 48 appropriately spaced pipettor channels to corre 
spond to a single column of a 96-well or 384-Well or 
1536-Well microplate, respectively. In further non-limiting 
examples, the pipettor may include square arrays of pipettor 
channels, such as arrays of 4, 16 etc, alloWing a 384 channel 
pipettor to dispense into all Wells of a 1536 Well microplate 
(by moving channel A1 of the 384 channel pipettor four 
times to dispense into channels A1, A2, B1, and B2 of the 
1536 Well microplate), a 96 channel pipettor to dispense into 
all Wells of a 1536 Well microplate, and so on. The pipettor 
also may include a number and arrangement of pipettor 
channels to correspond to a portion of a roW or column, or 
tWo or more roWs or columns, or another type of sample 
holder. Pipettor head assemblies may be easily interchange 
able on an appropriate driver to accommodate microplates 
and other sample holders With different numbers and/or 
densities of Wells. 

[0030] In an exemplary embodiment, the pipettor assem 
bly is capable of pipetting (aspiration and dispense) small 
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?uid volumes, less than about 20 microliters, Within a 
1536-Well format, With speed and accuracy acceptable for 
high-throughput applications. Toward this end, the device 
overcomes inherent tolerance accumulation due to the large 
quantity of Well locations. In other embodiments, the vol 
umes pipetted may be less than about 500 microliters, 100 
microliters, 50 microliters, 20 microliters, 10 microliters, 5 
microliters, or 2 or feWer microliters, depending on the 
application. The spacing and movement of pipettor elements 
may be selected to facilitate interaction With a rack of pipette 
tips (or other dispense elements), for example, as described 
in the following US. patent application, Which is incorpo 
rated herein by reference: Ser. No. 10/061,416, ?led Feb. 1, 
2002. In particular, the speed With Which the pipette tips are 
loaded and/or the spacing betWeen the pipettor elements 
may be selected to correspond to the number of and/or 
spacing betWeen pipette tips in the rack. 

[0031] Alternatively, or in addition, the spacing of pipettor 
elements may be adjustable, during operation, to facilitate 
interaction With a rack of pipette tips (or a sample holder), 
for example, by varying the relative pitch of the pipettor 
elements and dispense elements (or sample sites), as 
described in US. patent application Ser. No. 09/777,343, 
?led Feb. 5, 2001, Which is incorporated herein by reference. 

[0032] The dispense strategy for a multi-element pipettor 
assembly may be coordinated With a suitable detection 
strategy, including time-tagging or other strategies, for 
example, as described in the following US. patent applica 
tions, Which are incorporated herein by reference: Ser. No. 
09/777,343, ?led Feb. 5, 2001; and Ser. No. 10/061,416, 
?led Feb. 1, 2002. 

[0033] The pipette system may be capable of simulta 
neously and/or sequentially dispensing ?uid in uniform 
and/or nonuniform aliquots at one or more sample sites. The 
system optionally may include additional components, such 
as (1) a loading and/or unloading system for loading and/or 
unloading pipette tips, respectively, (2) a thermal regulation 
system for controlling the temperature of the assembly 
and/or ancillary components, such as pipette tips and/or 
samples (e.g., to reduce bubble formation), (3) a driver 
system for moving the pipettor head assembly betWeen 
aspirating and dispensing positions, and/or sample prepara 
tion and/or sample analysis positions, among others, (4) a 
processor for controlling aspiration and/or dispensing, and 
so on. More generally, the assemblies may include and/or 
interface With any element, apparatus, and/or sample holder 
described in the patents and patent applications listed above 
under Cross-References and incorporated herein by refer 
ence. 

[0034] An embodiment of the pipette system of the inven 
tion is depicted in FIG. 1. Referring noW to FIG. 1, a pipette 
system 10 comprises a displacement actuator 50, a pipette 
tip array 100, and a ?exible membrane 110. 

[0035] Displacement actuator 50 comprises one or more 
plungers 70 attached to a stem 80 for simultaneous control 
of all pipetting channels. In an optional embodiment, each 
plunger 70 may have its oWn stem 80 for individual control 
of pipetting channels. 

[0036] Preferably, stem 80 and plunger 70 are formed of 
a unitary piece of rigid material. The rigid material can be a 
rigid plastic or metal. Suitable plastics include, but are not 
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limited to, polypropylene, polystyrene and polyethylene. 
The tip 72 of each plunger 70 is preferably rounded to 
prevent puncture or excessive stretching of the ?exible 
membrane 110 on the pipette tip array 100. 

[0037] The displacement actuator 50 can be manually or 
automatically driven through stem 80 (not shoWn). Alterna 
tively the displacement actuator 50 may comprise a ?uid 
(e.g., hydraulic or air) that is pressuriZed to displace ?exible 
membrane 110. In another alternative, displacement actuator 
50 may comprise a vacuum to displace ?exible membrane 
110. 

[0038] The pipette tip array 100 comprises one or more 
pipette tips 120. Each pipette tip 120 comprises a pipette tip 
body 122 de?ning an interior cavity and having an open end 
124 for receiving a ?uid, and a base 126 for sealing the 
?exible membrane 110. The pipette tip 120 is sealed at its 
base 126 to ?exible membrane 110 in an essentially ?uid 
tight relationship. When a plurality of pipette tips 120 are 
used, the tips can be formed as part of a single plastic piece, 
With the tips arranged in the desired con?guration. Alterna 
tively, the tips can be metal and formed as a metal tip array 
or inserted into a rigid holder in the desired con?guration. 

[0039] Flexible membrane 110 is an elastic material that 
can reversibly stretch When biased With plungers 70. Pref 
erably, the ?exible membrane 110 is essentially ?at. Pre 
ferred materials for the ?exible membrane 110 include gum 
rubber, neoprene, hypalon, silicone, santoprene, tygon, 
latex, norprene, and the like. Flexible membrane 110 is 
preferably a thin membrane With its thickness dependent 
upon the material used. For example membranes of latex 
have a preferred thickness of 25-250 pm, more preferably 
75-125 pm. 

[0040] Each pipette tip 120 can be attached at its base 126 
and form a seal With the ?exible membrane 110 in a variety 
of Ways. For example, pipette tip 120 can be attached to the 
membrane 110 by a clamp 140 or simply by the pressure of 
the displacement actuator 50 on the ?exible membrane 110 
over the base of the pipette tip. The combination of a clamp 
140 and the pressure of the displacement actuator 50 can 
also be used. The attachment or connection can also be made 
using a sealing or bonding agent such as a glue or grease. A 
sealing agent, such as silicone oil, preferably DoW Corning 
200 silicone ?uid, can be applied to the surface of the 
membrane, to the base 126, or both, to improve the seal 
betWeen the ?exible membrane 110 and the base 126 of the 
pipette tip 120. The edge 128 of the base 126 of the pipette 
tip 120 can be raised to a smooth ridge to improve sealing 
by concentrating the doWnWard pressure of the membrane 
onto base 126 of pipette tip 120. The attachment of pipette 
tip 120 to the membrane 110 can also be effected by using 
a sealing ring 130 or groove to secure ?exible membrane 110 
to base 126 of pipette tip 120, as depicted in FIG. 2. A 
sealing ring can also be used to secure the membrane to the 
base of groups of pipette tips. A groove in clamp 140 can be 
used as a mating feature for sealing ring 130, thus further 
improving sealing of membrane 110. 

[0041] The ?exible membrane can also be included in a 
separate sealing element. An example of such a sealing 
element is depicted in FIGS. 3 and 4. Referring noW to 
FIGS. 3 and 4, the sealing element 500 includes one or 
more frames 510, having one of more open central regions, 
and including at least one ?exible membrane 110 attached to 
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the frames. Each open central region may be spanned by a 
different ?exible membrane or one ?exible membrane may 
span more than one open central region. 

[0042] Frame 510 is preferably approximately of the same 
shape as the proximal end of the pipette tip array With Which 
it is used. As one example, frame 510 can be a rectangular 
shape having outside dimensions of about 110-140 mm by 
about 75-100 mm (preferably about 120 mm by 85 mm), 
inside dimensions of about 100-120 mm by about 70-80 mm 
(preferably about 110 mm by 75 mm), and total thickness of 
about 1-5 mm (preferably about 3 Frame 510 is made 
of a rigid material, such as plastic or metal, including 
molded plastic, cut plastic sheet, sheet metal, rigid foam 
sheet, rigid cut paper, cardboard or the like. The frame 510 
is generally constructed of an upper frame 511 and a loWer 
frame 512 With the ?exible membrane 110 sandWiched in 
betWeen. 

[0043] The ?exible membrane can be of any type 
described above. In a particularly preferred embodiment, the 
?exible membrane is a latex sheet of about 100 pm thick 
ness. Flexible membrane 110 is attached to frame 510 so that 
the membrane does not exhibit Wrinkles. Generally the 
?exible membrane is under slight tension. The membrane is 
attached to the frame using, for example, a glue or other 
bonding mechanism including ultrasonic Welding and com 
pression ?t. The bonding agent can be located continuously 
around the perimeter of the membrane or at select locations. 
If a glue is used it may bond the membrane to the frame 510, 
the upper frame 511, the loWer frame 512 or both the upper 
and loWer frames. Additionally the upper and loWer frames 
may be bonded together independent of the bond to the 
?exible membrane. The upper and loWer frames may be 
bonded by glue or other bonding agent such as ultrasonic 
Welding, compression ?t etc. 

[0044] In a preferred embodiment, the upper and loWer 
frames are molded of plastic. Snap ?t features may be 
included, comprising insertion tabs 514 along the upper 
frame 511, and receiving tabs 516 along the loWer frame 
512. As shoWn in FIGS. 3 and 4, frame 512 snaps into frame 
511 such that ?exible membrane 110 is sandWiched in 
betWeen the tWo frames. The snap ?t features alloW upper 
frame 511, loWer frame 512, and ?exible membrane 110 to 
snap together as one unit. 

[0045] The ?exible membrane 110 can optionally include 
a sealing agent, such as oil or grease, on the surface that 
contacts the pipette tip array. One preferred sealing agent is 
silicone ?uid, such as DoW Corning 200 ?uid. The sealing 
agent facilitates the seal betWeen membrane 110 and the 
pipette tip array. 

[0046] The seal of the ?exible membrane can also be 
improved With surface features on the pipette tip array such 
as a ridge or step 125 at the edge of the base 126 of the 
pipette tip 120 or pipette tip array (see FIG. 1(B)). Other 
surface features may be used in addition or in place of the 
foregoing such as a groove or raised ring 130 around the 
base 126 of the pipette tip 120 or pipette tip array (see FIG. 
2). These surface features may be designed to mate With the 
?exible membrane frame 510 (e.g., the inner Wall of the 
frame may closely ?t a ridge that surrounds a pipette tip 
base). Further, the frame may also include its oWn surface 
feature at the edge, such as a ridge or step, that is comple 
mentary to the surface feature on the tip array. in addition, 
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the surface features may be designed to mate With the 
clamping mechanism 140. For example, a groove in the 
clamp may closely ?t a ring around a pipette tip base. With 
such an arrangement the ?exible membrane is securely 
sandWiched Within the surface features betWeen the clamp 
and pipette tip array. 

[0047] In another aspect of this invention, a plurality of 
pipette tips 120 are formed as a one piece pipette tip array. 
The unitary tip array can be a singe piece of plastic, or it can 
comprise a metal base having a plurality of holes and a 
plurality of tips attached to the metal base at the holes. If the 
unitary tip array is formed of dif?cult to clean materials such 
as most plastics, it is preferably a disposable item. Injection 
molding is one method to create plastic parts that are 
economical enough to be disposable. 

[0048] In this aspect, ?exible membrane 110 (With or 
Without a frame) is positioned on base 126 of the tip array 
and sealed by a clamp 140 or simply the pressure of 
displacement actuator 50 pressing the membrane 110 over 
the base of the pipette tip, the seal being optionally aided by 
a sealing agent, preferably silicone oil. Alternatively mem 
brane 110 is attached to the unitary tip array by gluing 
membrane 110 at base 126 of each pipette tip 120. Generally, 
the tips are arranged to be used With microplates, such as a 
1536-Well, 384-Well, 96-well, 24-Well or other density 
microplate. By Way of examples, the tip array may contain 
a rectangular array of tips (48x32, 24x16, 12><8, etc.) 
corresponding to Wells in a microplate, a square array (2x2, 
4x4, 16x16, etc.) corresponding to Wells in part of a micro 
plate, or a linear array (8, 16, 32, 12, 24, 48, etc.) corre 
sponding to roWs or columns in a microplate. 

[0049] In the above aspects of this invention, the displace 
ment actuator 50 preferably comprises a plurality of plung 
ers 70 arranged as an array. Plungers 70 are arranged in an 
array that matches the array of pipette tips and they may be 
arranged such that tip 72 of each plunger 70 is located 
adjacent to base 126 of each pipette tip 120, With ?exible 
membrane 110 therebetWeen. 

[0050] Displacement actuator 50 and pipette tip array 100 
can be connected to each other by conventional methods. 
Such methods include, but are not limited to, a clamping 
mechanism. 

[0051] In operation, displacement actuator 50 is coupled 
to an automatic or manual pipettor device and the pipette tip 
array 100, With the ?exible membrane positioned on the base 
of the array, connected to the displacement actuator 50. 
Activation of the displacement actuator 50 causes plunger 
70 to bias ?exible membrane 110 toWards pipette tip 120, 
pushing air out of pipette tip 120, as shoWn in FIG. 5. Fluid 
is aspirated into the pipette tip by open end 124 of tip 120 
beloW the level of a ?uid in the Well of a microplate or other 
?uid container. Moving displacement actuator 50 aWay from 
?exible membrane 110 causes membrane 110 to return to its 
relaxed position and thus pulls ?uid into the pipette tip, as 
shoWn in FIG. 6. The ?uid captured in the pipette tip is 
expelled into a receptacle, such as a microplate, by activat 
ing displacement actuator 50, Which causes plunger 70 to 
bias ?exible membrane 110 above pipette tip 120, expelling 
the ?uid out of pipette tip 120, as shoWn in FIG. 7. 

[0052] The pipette tip array 100 of the invention can be 
used With plungers other than the displacement actuator 
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described above. For instance, a multitude of individually 
actuated plungers can be arrayed over the pipette tip array. 
With the addition of an appropriate mechanism, random 
access to any single Well or combination of Wells is possible. 
Furthermore the ?exible membrane may be formed such that 
a negative pressure in the actuator is required to aspirate and 
a positive pressure is required to dispense. 

[0053] In another embodiment of pipetting systems of the 
present invention, the ?exible membrane is used as a revers 
ible seal betWeen the plunger and barrel. Thus, in this 
embodiment, the invention provides a pipettor system for 
aspirating and/or dispensing small volumes of ?uid. The 
system generally comprises any mechanism for aspirating 
and/or dispensing ?uid from, into, and/or onto a reservoir or 
other sample holder that employs the membrane as a revers 
ible seal element to assist in the formation of vacuum and/or 
pressure used to aspirate or dispense ?uid. The membrane 
may be part of the plunger or barrel interior. In this embodi 
ment, pressuriZed ?uid or a vacuum Within the plunger or 
barrel expands (or contracts) the membrane and reversibly 
forms a seal betWeen the plunger and barrel. The pipette 
system of this embodiment of the invention comprises: a 
displacement actuator comprising one or more plungers, a 
pipette barrel through Which the displacement actuator trav 
els, a reversible seal element that comprises a ?exible 
membrane either on the plunger or in the barrel, and a pipette 
tip array comprising one or more tips. 

[0054] FIGS. 8 and 9 shoW portions of a pipettor system 
constructed in accordance With this embodiment of the 
invention. The system includes a barrel 310, a plunger 320, 
and a reversible seal element 330. 

[0055] Barrel 310 generally comprises any void or volume 
in a suitable block or other support con?gured to receive 
plunger 320. In the embodiment of FIGS. 8 and 9, barrel 
310 (or a part of the barrel) is at least substantially cylin 
drical, With a ?rst end portion for receiving the plunger 320, 
a second end portion (directly or indirectly) connected to a 
pipette tip 100, and an interior portion 345 for engaging the 
seal element 330 such that vacuum or pressure may be 
created. 

[0056] The plunger generally comprises any body con?g 
ured to engage the barrel by sliding, so that relative move 
ment of the barrel and plunger Will create (or tend to create) 
vacuum and/or pressure for aspirating and/or dispensing 
?uid, respectively. In FIGS. 8 and 9, plunger 320 is at least 
substantially cylindrical; With an outer diameter that is 
slightly smaller than the inner diameter of the engaged 
portions of barrel 310. 

[0057] Seal element 330 provides a reversible seal 
betWeen barrel 310 and plunger 320 and comprises any 
mechanism for forming a seal betWeen the barrel and 
plunger. Thus, seal element 330 may be used to initiate, 
terminate, and/or alter contact betWeen barrel 310 and 
plunger 320. In particular, the alteration in contact may 
include an alteration in the extent (i.e., area) of contact, the 
geometry of contact, and/or the strength of contact, among 
others. Seal element 330 may be a portion of plunger 320, 
a portion of barrel 310, or a portion of both, depending on 
the embodiment. In the embodiment of FIGS. 8 and 9, seal 
mechanism 330 is a portion of plunger 320. 

[0058] Seal element 330 typically functions through a 
change in volume, for example, by in?ation and/or de?ation 
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of at least a portion of the seal element to increase and/or 
decrease, respectively, contact betWeen the aperture and 
plunger 320. Typically, seal element 330 Will include an 
adjustable portion having a volume that may be changed 
using any suitable mechanism, such as the application of 
vacuum and/or pressure, using any suitable medium, includ 
ing air and/or ?uid. In the embodiment of FIGS. 8 and 9, the 
volume of the adjustable portion is changed by a change in 
air pressure, in analogy With a balloon. Speci?cally, the 
adjustable portion includes a ?exible member 350 such as 
rubber or a similar polymer bonded or molded onto plunger 
320 such that a middle sealed circumferential region acts as 
a radial plenum that expands or contracts to adjust the extent 
of contact With aperture 310 upon a change in air pressure 
effected through channels inside the plunger 320. Air or 
vacuum is supplied through vent 370. In other aspects, a seal 
element can be similarly formed about the inside of barrel 
310, such that it acts as a plenum that engages the plunger. 

[0059] A reversible seal element, including a balloon 
tipped plunger 320 as shoWn in FIGS. 8 and 9, may provide 
a number of advantages over O-rings and molded rubber 
plunger tips. In particular, the reversible seal element may 
maintain a more uniformly distributed seal over a large 
range of circumferential siZe tolerance and over a large 
number of tips/Wells. Moreover, a reversible seal element 
may make syringe plunger alignment Within the barrel 
cylinder less critical for sealing than With O-ring designs, 
and may even make the plunger someWhat self aligning. 

[0060] The seal element may be selected and/or coated to 
affect or alter friction betWeen the aperture and plunger. This 
friction should generally be high enough to promote a good 
seal but loW enough so that the aperture and plunger may 
slide past one another, easily, reproducibly, and With mini 
mal Wear. 

[0061] In the embodiment of FIG. 8, the pipettor assembly 
includes a molded single, multi-cavity tip array 100 that may 
be press mounted onto a head base 390. In use, the de?ated 
ballooned tube/plenum assembly is loWered into position, 
the balloon is in?ated, and the plunger then acts to create 
vacuum and/or pressure to aspirate and/or dispense, respec 
tively. The balloon-tipped plunger may provide a high 
degree of compliance for sealing. Air or ?uid for in?ation is 
provided through vent 370. 

[0062] In another embodiment, the invention provides a 
multichannel pipette system for aspirating or dispensing a 
?uid. The pipette system comprises a pipettor and one or 
more pipette tip arrays connected to the pipettor. Instead of 
or in addition to sealing With a ?exible membrane the tip 
arrays may seal to the pipettor through a conventional 
engagement (cone, cone/ridge, etc.). 
[0063] The pipettor can be any type of pipettor knoWn in 
the art for dispensing ?uids. Generally such a pipettor 
includes a housing or body and a plunger. The plunger 
slidably travels Within the pipette body. The pipette body 
mates With a pipette tip to form a seal, alloWing the plunger 
to displace air from the pipette tip so that a ?uid can be 
aspirated. 

[0064] In the invention, the pipettor includes one or more 
plungers. Each plunger may occupy it’s oWn housing or 
body, or all the plungers may occupy the same housing or 
body. The pipettor may be manual or automated. If the 
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pipettor is automated, it may be controlled by a computer. In 
a preferred embodiment, the pipettor is automatically align 
able, for example using a computer, With the ?uid recep 
tacles to or from Which ?uid Will be aspirated or dispensed. 

[0065] The multichannel pipettor includes at least one 
pipette tip array. One example of a pipette tip array is 
depicted in FIG. 10. Referring noW to FIG. 10, the pipette 
tip array 400 includes a proximal end 420 for mating With 
the housing of a pipettor, and at least tWo pipette tips 440. 

[0066] Proximal end 420 of pipette tip array 400 mates 
With the body of the pipettor to form a seal, alloWing the 
plunger to displace or aspirate ?uids to or from pipette tips 
440. Preferably, each pipette tip array is acted on by one 
plunger. Thus, if the pipettor includes 4 plungers, four 
pipette tip arrays are used. 

[0067] Pipette tip array 400 includes tWo or more pipette 
tips 440. Generally, the pipette tip array can include any 
number of pipette tips, With the number of pipette tips per 
pipette tip array and the number of pipette tip arrays being 
chosen according to the number of receptacles to and/or 
from Which ?uid Will be transferred. For instance, if the 
pipettor is to be used to transfer ?uids to or from a 1536 Well 
microplate, the pipettor can include one tip array Which 
includes 1536 tips in an array, or the pipettor can include 
four tip arrays each tip array including 384 pipette tips, or 
the pipettor can include 384 tip arrays, each element includ 
ing 4 pipette tips, and so on. Any combination of pipette tips 
and pipette tip arrays can be used. 

[0068] In preferred aspects, the pipette tips in pipette tip 
arrays 400 are arranged to be used With microplates, such as 
1536-Well, 384-Well, 96-Well, 24-Well or other density 
microplates. The Wells in a 1536-Well microplate are usually 
spaced about 2.25 mm from center to center. In 384-Well 
microplates the spacing of the Wells is about 4.5 mm from 
center to center. When more than one pipette tip array is used 
With a single pipettor (e.g., 384 4-tip arrays) the tip to tip 
spacing should still be maintained even betWeen tips from 
different pipettor tip arrays. To assist in maintaining the tip 
spacing the outside shape of the proximal end 420 is 
preferably square. In this Way, if neighboring pipette tip 
arrays abutt When applied to the pipettor, they Will also be 
aligned. Alternatively any exterior alignment feature knoWn 
in the art may be used (e.g., ?at surfaces, notches, keys, and 
so on.) 

[0069] The seal betWeen pipette tip array 400 and the body 
housing the plunger(s) can be made, for example, by includ 
ing one or more ribs or Wedges 460 inside pipette tip array 
400. Examples of seals useable in the invention are 
described in Us. Pat. No. 6,550,349, Which is incorporated 
herein by reference in its entirety. 

[0070] Alternatively, the seal can be made through the use 
of a ?exible membrane. as described earlier in this applica 
tion. The ?exible membrane can be included as part of the 
pipette tip array, part of the pipettor, or can be an indepen 
dent sealing element (for example, as shoWn in FIGS. 3 and 
4). 
[0071] When included as part of the pipette tip array, the 
?exible membrane is positioned over the proximal end of the 
pipette tip array. The ?exible membrane is joined With the 
pipette tip array using techniques discussed above, and 
forms a static seal With the pipette tip array. In this aspect, 
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each pipette tip array includes its oWn ?exible membrane. 
Each ?exible membrane is acted upon by one or more 
plungers (preferably one plunger for each tip of the array) of 
the pipettor to aspirate or dispense ?uid to and/or from the 
pipette tips of the pipette tip array. 

[0072] The multichannel pipettor of this embodiment of 
the invention provides several advantages over knoWn sys 
tems. For instance, by including more than one pipette tip in 
a pipette tip array, feWer pipette tip arrays are needed for 
multiple Well ?uid transfers. As a result feWer plungers may 
be required for operating the pipette tips. For instance, only 
384 pipette tip arrays that each include 4 pipette tips are 
required for transferring ?uids to or from a 1536-Well 
microplate. Consequently, feWer plungers are required for 
operating the tip array. In this example 384 pipette tip arrays 
can be used With readily available 384 channel pipettors to 
aspirate and dispense from 1536 microplates. Generally 
When a conventional seal is used, one plunger is required for 
each tip array. When a ?exible membrane seal is used 
generally one plunger is required for each tip of the array. 

[0073] In a further embodiment of the invention, the 
reversible seal element can form part of a pipettor useful for 
dispensing a ?uid from a reservoir to a receptacle, such as 
a microplate, or the reverse, thus alleviating the need for 
separate liquid transfer and dispensing equipment. Fluid can 
be dispensed around the reversible seal element (When the 
seal is not engaged) or through a holloW plunger or pin. In 
this embodiment, the pipette system comprises a displace 
ment actuator comprising one or more holloW pins, a pipette 
barrel through Which the displacement actuator travels, a 
reversible seal element, a pipette tip array that comprises one 
or more tips, a ?uid ?oW channel connected to either the 
pipette barrel (opposite the tip array) or holloW pins, and a 
valve to open or close the ?uid channel. Preferably, the 
reversible seal element is a ?exible membrane located either 
on the holloW pin or in the barrel. Also preferably, the ?uid 
?oW channel is connected to the holloW pins. This embodi 
ment of the pipette system of the invention is shoWn in FIG. 
11. 

[0074] Referring noW to FIG. 11, the pipette system 200 
shoWn comprises a plunger 230, a holloW pin 240, a ?exible 
membrane 250, a ?uid ?oW channel 260, and a pipette barrel 
270 de?ning a piston chamber 280. 

[0075] HolloW pin 240 is housed in piston chamber 280. 
HolloW pin 240 is open at both ends and can be made of 
various materials including metal, plastic or rubber. The 
upper end 242 of pin 240 is provided With a pin mounting 
plate 244. Pin 240, along With pin mounting plate 244, are 
axially movable Within piston chamber 280. A sealing ring 
246 is provided Within piston chamber 280. Preferably, 
sealing ring 246 is an o-ring Which provides an air-tight seal 
but other mechanisms such as lubricant or grease also can 
Work. The upper portion of the pipettor (comprising ele 
ments 240, 244, 260, 250, 230, and 290) is moved relative 
to the loWer portion by many possible mechanisms including 
manually (such as With a conventional pipetman), via linear 
stage (motor or manually actuated) or solenoid. If operated 
manually in the preferred manner, a return mechanism such 
as a spring (not shoWn) is used to bias the piston’s position 
to one end of its travel. This biasing spring can be located in 
various places, such as betWeen the mounting plate 244 and 
the top of the pipette barrel 270. 
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[0076] The hollow pin 240 is ?uidically connected to a 
valve and ?uid source or drain. The valve is preferably a 
?exible membrane 250 located betWeen plunger 230 and the 
upper end 242 of the holloW pin 240. Membrane 250 can be 
made of various compliant materials including plastics rub 
bers, or latexes. Preferably membrane 250 is rubber. 

[0077] A ?uid ?oW channel 260 is de?ned by the upper 
end of the holloW pin 240 and plate 244 and the loWer 
surface of membrane 250, as shoWn in FIG. 11. The ?uid 
?oW channel 260 is the connection point betWeen the holloW 
pin 240 and various ?uid dispensing or aspirating hardWare, 
such as pumps, gas sources, valves or channels for intro 
ducing or removing ?uid through the holloW pin 240. 

[0078] When actuated, plunger 230 pushes membrane 250 
onto top opening 247 of holloW pin 240. Plunger 230 can be 
actuated by an actuator 290, Which may be mechanical or 
manual. Actuator 290 is rigidly connected to the holloW pin, 
for instance at the pin mounting plate 244 as shoWn in FIG. 
11. When used for transferring ?uids (discussed beloW) the 
plunger and its actuator are moved With holloW pin 240 to 
displace air Within the pipette tip 294. 
[0079] In one embodiment, actuator 290 is a solenoid 
device that causes the plunger to bias compliant membrane 
250 onto top opening 247 of holloW pin 240, thereby sealing 
it—closing the valve. The pipettor functions as a transfer 
pipettor When the valve is closed. 

[0080] In transfer pipettor operation, the membrane 250, 
the plunger 230, and the top of the holloW pin 240 together 
function as a valve to open and close the ?oW channel 260. 
Alternatively a valve could be located at the beginning of 
channel 260 instead of the end. When plunger 230 biases the 
membrane 250 and therefore blocks the opening of the 
holloW pin, i.e., the valve formed by the plunger and the 
membrane is closed, the pin acts as a piston. Thus, With the 
valve closed, the pipettor functions as a ?uid transfer pipette, 
by aspirating and ejecting a ?uid from the optional pipette 
tip 294. When the membrane 250 is not biased by the 
plunger 230, the valve formed by the plunger 230 and the 
membrane 250 is open. With the valve open, the pipettor 
functions as a ?uid dispenser and any ?uid, including liquid 
or gas, that is pumped through the ?oW channel Will ?oW 
through the holloW pin and out of the optional pipette tip 
294. Thus, When the valve is open, the pipettor can be used 
to dispense ?uids, including reagents, from, for example, a 
?uid reservoir. If suction is applied to the ?oW channel, ?uid 
?oWs through the holloW pin into the ?oW channel. 

[0081] The pipette system of this embodiment of the 
invention can be used for several functions. For instance, 
When the valve formed by the plunger and the membrane is 
open, the pipettor can be used as a dispenser, With or Without 
a pipette tip, alloWing for example, repetitive dispensing of 
a reagent from a large reservoir. Similarly, Wash solution can 
be dispensed through the tip When the valve is open. In fact, 
more than one Wash solution can be used by appropriate 
selection of an upstream valve. Further, With the valve open, 
Wash solution can be aspirated through the tip or dry and/or 
heated air can be used to dry the tip and the interior of the 
pipette. With the valve closed, the device can be used as a 
transfer pipettor, by moving the holloW pin and the plunger/ 
membrane valve up and doWn together relative to the barrel. 

[0082] The various embodiments of pipette systems 
described herein can be used independently of or in con 
junction With each other. 
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[0083] The invention has been described With reference to 
various speci?c and preferred embodiments and techniques. 
HoWever, it should be understood that many variations and 
modi?cations may be made While remaining Within the spirit 
and scope of the invention. 

What is claimed is: 
1. A multichannel pipette system for aspirating and/or 

dispensing ?uid into multiple ?uid receptacles comprising: 

a pipettor having at least one body and tWo or more 
plungers; 

one or more removable pipette tip arrays, Wherein the 
removable pipette tip arrays mate to the at least one 
body of the pipettor, and Wherein each tip array has 
more than one tip. 

2. The multichannel pipette system of claim I Wherein the 
pipettor is an automated pipettor. 

3. The multichannel pipette system of claim 1 Wherein the 
more than one tips are automatically aligned With the ?uid 
receptacles. 

4. The multichannel pipette system of claim 1 Wherein the 
multiple ?uid receptacles are Within a multiWell plate. 

5. The multichannel pipette system of claim 1 Wherein the 
removable tip arrays comprise four tips or sixteen tips in a 
square array, the array corresponding to Wells in a micro 
plate. 

6. The multichannel pipette system of claim 1 Wherein the 
removable tip arrays comprise 1536, 384, 96, 24, 12, or 6 
tips in a rectangular array, the array corresponding to Wells 
in a microplate. 

7. The multichannel pipette system of claim 1 Wherein the 
removable tip arrays comprise 48, 32, 24, 16, 12, or 8 tips 
in a linear, the array corresponding to Wells, roWs or columns 
in a microplate. 

8. The multichannel pipette system of claim 1 comprising 
an equal number of bodies, plungers, and tip arrays, With one 
plunger traveling in each body. 

9. The multichannel pipette system of claim 8 Wherein 
each tip array mates to a body. 

10. The multichannel pipette system of claim 1 Wherein 
the tip arrays each further comprise a ?exible membrane, the 
membrane forming a static seal With the tip array. 

11. The multichannel pipette system of claim 1 further 
comprising a ?exible membrane positioned betWeen the tip 
arrays and the plungers, the membrane forming a static seal 
With the tip arrays. 

12. The multichannel pipette system of claim 11 Wherein 
the ?exible membrane is connected to the pipettor by one or 
more clamps. 

13. The multichannel pipette system of claim 11 Wherein 
the static seal betWeen the ?exible membrane and the tip 
arrays is formed in part With a sealing ?uid. 

14. The multichannel pipette system of claim 11 Wherein 
the ?exible membrane is held by a frame, the frame having 
a center region, and the ?exible membrane spans the center 
region of the frame. 

15. The multichannel pipette system of claim 1 Wherein 
the tip arrays are formed of plastic, metal or combinations 
thereof. 

16. The multichannel pipette system of claim 14 Wherein 
each tip array includes a mating feature at its edge for mating 
With the frame. 
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17. A sealing element for forming a seal between a 
pipettor and tip arrays of a multichannel pipettor compris 
ing: 

a frame having a center region; and 

a ?exible membrane attached to the frame, such that the 
membrane covers the center region of the ?rst frame. 

18. The sealing element of claim 17 Wherein the frame 
comprises a top frame and a bottom frame, and Wherein the 
?exible membrane is sandwiched betWeen the top frame and 
the bottom frame. 

19. The sealing element of claim 17 Wherein a sealing 
?uid covers at least a portion of the side of the ?exible 
membrane that seals With the pipette tip array. 

20. The sealing element of claim 17 Wherein the frame is 
rectangular, and the ?exible membrane and the frame are of 
essentially the same Width and length. 

21. The sealing element of claim 17 Wherein the ?exible 
membrane is a latex sheet. 

22. The sealing element of claim 18 Wherein the frame 
includes a surface feature that assists the alignment or 
joining of the frame to the pipette tip array. 

23. Apipette tip array for use With a multichannel pipettor 
to aspirate and/or dispense ?uid into multiple ?uid recep 
tacles comprising a plurality of pipette tips. 
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24. The pipette tip array of claim 23 Wherein the plurality 
of pipette tips are con?gured in a square, rectangular or 
linear array. 

25. The pipette tip array of claim 24 comprising 1536, 
384, 96, 24, 12, or 6 tips in a rectangular array, the tips in 
the array corresponding to receptacles in a microplate. 

26. The pipette tip array of claim 24 comprising four or 
sixteen tips in a square array, the tips in the array corre 
sponding to receptacles in a microplate. 

27. The pipette tip array of claim 24 comprising 48, 32, 
24, 16, 12, or 8 tips in a linear array, the tips in the array 
corresponding to receptacles in a microplate. 

28. The pipette tip array of claim 23 Wherein the multiple 
?uid receptacles are in a microplate and the plurality of 
pipette tips are arranged to correspond to the receptacle 
locations. 

29. The pipette tip array of claim 23 further comprising a 
?exible membrane attached to the pipette tip array. 

30. The pipette tip array of claim 29 Wherein the ?exible 
membrane forms a seal With the pipette tip array With a 
sealing ?uid. 

31. The pipette tip array of claim 29 Wherein the ?exible 
membrane is positioned in a frame, and Wherein the frame 
includes a surface feature that assists the alignment or 
joining of the frame to the pipette tip array. 

* * * * * 


